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PHOTODETECTING MEANS, X-RAY 
SENSING METHOD, X-RAY SENSING 
APPARATUS, AND PHOTOELECTRIC 

CONVERSION ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an X-ray sensing method 

and apparatus With a photoelectric conversion element driv 
ing control, and a photoelectric conversion element. In 
particular, the present invention relates to an X-ray sensing 
method and apparatus, in Which consideration is given to a 
photoelectric conversion element driving range and reading 
range, and a photoelectric conversion element. 

2. Related Background Art 
With a conventional X-ray sensing apparatus, an X-ray 

beam is projected from an X-ray source so as to pass through 
an analysis subject such as a medical patient, and the X-ray 
beam having passed through the subject is sensed by a 
screen ?lm cassette, a ?lm auto-changer, computed radiog 
raphy (CR), a ?at panel detector (FPD), or the like. 

In the ?eld of X-ray radiographs, a high-resolution solid 
state X-ray detector using the FPD is proposed. This detector 
includes an X-ray sensor comprising a tWo-dimensional 
array of photoelectric conversion elements such as photo 
diodes typically, in Which 3000 to 4000 photoelectric con 
version elements are arranged in each dimension of the 
array. Each photoelectric conversion element generates an 
electric signal corresponding to the amount of X rays 
incident onto the X-ray sensor. With this construction, a 
subject is positioned between the X-ray source and the X-ray 
sensor, and the amount of X rays having passed through the 
subject is converted into electric signals, thereby obtaining 
an X-ray image of the subject. Also, the signal from each 
photoelectric conversion element is independently read, 
digitiZed, subjected to image processing, and stored and 
displayed. Such a detector is disclosed in Japanese Patent 
Application Laid-Open No. 09-257944, for instance. 

Further, With the reduction in thickness and the improve 
ment in high reliability techniques, the solid-state X-ray 
detector using the FPD is also on its Way to siZe and 
thickness reduction, While the X-ray screen ?lm cassette has 
attained such the reduction. 

The solid-state X-ray detector using the FPD, hoWever, 
suffers from a problem that a large amount of electric poWer 
is consumed to drive the photoelectric conversion elements 
of the X-ray sensor. In particular, When a battery is built into 
a thin and small-siZed X-ray digital sensing apparatus, for 
instance, it is required to attain a driving in Which the 
amount of electric poWer consumed by the X-ray sensing 
apparatus at the time of ordinary sensing can be reduced. 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to provide 
an X-ray sensing apparatus, an X-ray sensing method, and a 
photoelectric conversion element that are capable of saving 
electric poWer consumed to drive an X-ray sensor. 

According to the present invention, the foregoing object 
is attained by providing a photoelectric conversion element 
including: photodetecting means for converting light into an 
electric signal; amplifying means for amplifying the electric 
signal outputted from the photodetecting means; and drive 
means for adjusting a poWer source of the amplifying means. 

Further, the foregoing object is also attained by providing 
an X-ray sensing apparatus including: sensing means includ 
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2 
ing a plurality of photoelectric conversion elements each 
converting light into an electric signal; driving range des 
ignating means for designating a driving range for driving 
each of the plurality of photoelectric conversion elements 
included in the sensing means; drive means for driving each 
photoelectric conversion element in the driving range des 
ignated by the driving range designating means; and a signal 
reading means for reading out an output of the photoelectric 
conversion element driven by the drive means. 

Other objects, features and advantages of the invention 
Will be apparent from the folloWing descriptions taken in 
conjunction With the accompanying draWings in Which like 
reference characters designate the same or similar parts 
through the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention and, together With the descriptions, 
serve to explain the principle of the invention. 

FIG. 1 shoWs the construction of an X-ray sensing system; 
FIG. 2 is an equivalent circuit diagram of a photoelectric 

conversion element; 
FIG. 3 shoWs an eXample of the construction of a sensing 

means; 
FIG. 4 shoWs an eXample of the construction of a display 

means through Which an X-ray sensing apparatus is oper 
ated; 

FIG. 5 shoWs a construction for designating an X-ray 
image sensing ?eld in an interlocked manner With the iris of 
a tube; 

FIG. 6 shoWs a calculation method used by an apparatus 
that designates the X-ray image sensing ?eld in the inter 
locked manner With the tube iris; 

FIG. 7 shoWs a construction With Which the X-ray image 
sensing ?eld is designated With means attaching to the X-ray 
sensing apparatus; 

FIG. 8 shoWs a method of designating the X-ray image 
sensing ?eld With irradiation ?eld recognition information of 
previous sensing; 

FIG. 9 illustrates a method of designating the X-ray image 
sensing ?eld With relative position relationship information 
betWeen a subject and the X-ray image sensing apparatus; 

FIG. 10 is a schematic diagram illustrating a poWer saving 
effect achieved by the present invention; and 

FIG. 11 Which is composed of FIGS. 11A and 11B are 
?oWcharts shoWing a How for selecting the sensing ?eld. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention Will be 
described in detail in accordance With the accompanying 
draWings. 
First Embodiment 

Hereinafter, a ?rst embodiment of the present invention 
Will be described in detail With reference to the draWings. 
FIG. 1 shoWs a construction block diagram of an X-ray 
sensing system of an embodiment of the present invention. 
In this draWing, reference numeral 10 denotes an X-ray 
room, numeral 12, an X-ray control room, and numeral 14, 
a diagnosis and other operation room. 

In the X-ray control room 12, there is installed a system 
controller 20 that controls the overall operation of the 
present X-ray sensing system. An operator interface 22 
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composed of an X-ray exposure request switch, a touch 
panel, a mouse, a keyboard, a joystick, a foot switch, and the 
like is operated by an operator 21 to input various instruc 
tions into the system controller 20. The contents of the 
instructions inputted by the operator 21 are, for instance, a 
sensing condition (such as Whether a still image or a moving 
image is to be sensed, an X-ray tube voltage, a tube current, 
and an X-ray irradiation time), a sensing timing, an image 
processing condition, a subject ID, a method of processing 
a sensed image, and the like. In addition, the instruction 
contents also include a method of setting a sensing ?eld, the 
con?rmation of the sensing ?eld, and the like. 
A sensing control circuit 24 of the system controller 20 

controls an X-ray sensing system installed in the X-ray room 
10, and an image processing circuit 26 thereof performs 
image processing on an image sensed by the X-ray sensing 
system in the X-ray room 10. The image processing per 
formed by the image processing circuit 26 is, for instance, 
irradiation ?eld recognition, image data correction, spatial 
?ltering, recursive processing, gradation processing, scat 
tered ray correction, dynamic range (DR) compression pro 
cessing, and the like. A large-capacity high-speed storage 
apparatus 28 is used to store basic image data processed by 
the image processing circuit 26 and is, for instance, com 
posed of a hard disc array such as RAID. Reference numeral 
30 denotes a monitor display (hereinafter simply referred to 
as the “monitor”) for displaying an image, numeral 32, a 
display controller for performing control to cause the moni 
tor 30 to display various characters and images, numeral 34, 
an external large-capacity storage apparatus (magneto-opti 
cal disc, for instance), and numeral 36, a LAN board for 
establishing connection between the apparatus in the X-ray 
control room 12 and the apparatus in the diagnosis and other 
operation room 14 and transferring images and the like 
sensed in the X-ray room 10 to the apparatus in the diagnosis 
and other operation room 14. 

In the X-ray room 10, there is installed an X-ray generator 
40 that generates X rays. The X-ray generator 40 includes an 
X-ray tube 42 that generates X rays, a high voltage generator 
44 that drives the X-ray tube 42 under control of the sensing 
control circuit 24, and an X-ray iris 46 that narroWs an X-ray 
beam generated by the X-ray tube 42 to a desired sensing 
?eld. Reference numeral 47 denotes a CCD camera. In this 
embodiment, this CCD camera is disposed based on an 
alignment that is optically equal to the focal point of the 
X-ray tube, thereby obtaining a construction Where it is 
possible to monitor the X-rays radiated from the X-ray tube 
42 by analyZing an image picked-up by the CCD camera 47. 

Asubject (patient) 50 lies doWn on a sensing bed 48. The 
sensing bed 48 is driven in accordance With a control signal 
from the sensing control circuit 24 and it is possible to 
change the direction of the subject With reference to the 
X-ray beam from the X-ray generator 40. BeloW the sensing 
bed 48, there is disposed an X-ray detector 52 that detects an 
X-ray beam having passed through the subject 50 and the 
sensing bed 48. 

Next, there Will be described the construction of the X-ray 
detector 52 shoWn in FIG. 1. The X-ray detector 52 includes 
a lamination body composed of a grid 54, a scintillator 56, 
an X-ray sensor (sensing means) 58 constructed as a tWo 
dimensional array of a plurality of photoelectric conversion 
elements, and an X-ray exposure amount monitor 60. The 
X-ray detector 52 also includes a drive circuit 62 for driving 
the X-ray sensor (sensing means) 58. The grid 54 is provided 
in order to reduce an in?uence of X-ray scattering that 
occurs When X rays pass through the subject 50. The grid 54 
is composed of an X-ray loW-absorption member and an 
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4 
X-ray high-absorption member. In more detail, the grid 54 
has a stripe structure of Al and Pb, for instance. In order to 
prevent a situation Where moiré occurs due to a grating ratio 
betWeen the X-ray sensor (sensing means) 58 and the grid 
54, the X-ray detector 52 makes the grid 54 vibrate at the 
time of X-ray irradiation on the basis of a setting by the 
sensing control circuit 24. Whether the grid 54 is to be 
vibrated is determined by the operator 21 and it is possible 
to perform the sensing While ?xing the grid 54. When the 
sensing is performed While ?xing the grid 54, it is preferable 
to perform the setting so that moiré, such as aliasing or beat, 
hardly occurs due to the grating ratio betWeen the X-ray 
sensor (sensing means) 58 and the grid 54. Also, a grid stripe 
itself is captured in an image, so that it is also preferable to 
Weaken the frequency of the grid strip through image 
processing. 

In the scintillator 56, the source material of a ?uorescent 
member is excited by high-energy X rays (absorbs the X 
rays), and ?uorescent light in a visible region is generated by 
recombination energy generated at that time. That is, the 
scintillator 56 converts X rays into visible light. This ?uo 
rescent light is, for instance, generated by the source mate 
rial itself such as CaWo4 or CdWo4, or by a luminescence 
center material, such as CsIzTl or ZnszAg, added to the 
source material. The X-ray sensor (sensing means) 58 con 
verts the visible light generated by the scintillator 56 into 
electric signals. 

Also, in this embodiment, the scintillator 56 and the X-ray 
sensor (sensing means) 58 are constructed as separated 
construction elements, although the present invention is 
applicable to an X-ray sensor (sensing means) 58 con 
structed by using photoelectric conversion elements that 
directly convert X rays into electrons. An example of such 
photoelectric conversion elements is a photoelectric conver 
sion element composed of a light-receiving portion (made of 
amorphous Se, PbI2, or the like), an amorphous silicon TFT, 
and the like. 
The X-ray exposure amount monitor 60 is arranged for 

the sake of monitoring the amount of X rays having passed 
through the sensing bed 48 and the subject 50. It does not 
matter Whether the X-ray exposure amount monitor 60 
directly detects the X rays by using a crystal silicon light 
receiving element or the like or detects ?uorescent light 
generated by the scintillator 56. In this embodiment, the 
X-ray exposure amount monitor 60 is composed of an 
amorphous silicon light-receiving element formed as a layer 
on the underside of the substrate of the X-ray sensor (sensing 
means) 58, detects visible light (proportional to the amount 
of X rays) having passed through the X-ray sensor (sensing 
means) 58, and transmits information of the amount of the 
detected light to the sensing control circuit 24. The sensing 
control circuit 24 controls the high voltage generator 44 
based on the information from the X-ray exposure amount 
monitor 60, thereby adjusting the amount of X rays. The 
drive circuit 62 drives the photoelectric conversion elements 
constituting the photodetector array 58 under control of the 
sensing control circuit 24, and reads out a signal from each 
pixel. 

Next, there Will be described a thin X-ray detector 152 
shoWn in FIG. 1. In the draWing, a single thin X-ray detector 
152 is illustrated as a representative of a plurality of kinds 
of sensors, although it is possible to replace the thin X-ray 
detector 152 With another thin X-ray detector 152 having a 
different spatial resolution and a different sensing ?eld siZe. 
The most signi?cant difference betWeen the X-ray detector 
52 and the thin X-ray detector 152 is that the thickness of the 
thin X-ray detector 152 is equal to or less than around 20 mm 
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that is comparable to the thickness of a ?lm-screen-based 
cassette. Other signi?cant differences therebetWeen are, for 
instance, that the thin X-ray detector 152 is not provided 
With the grid 54, but With a simple power source and a 
large-capacity memory (capable of storing 10 to 20 images), 
and that the thin X-ray detector is capable of performing 
exchange of an image signal and a control signal With a relay 
device 153 in a cableless manner. The lamination body 
composed of the scintillator 56, the X-ray sensor (sensing 
means) 58, the X-ray exposure amount monitor 60 and the 
drive circuit 62 for driving the X-ray sensor (sensing means) 
58. It is possible for the thin X-ray detector 152 to operate 
regardless of Whether a cable 154 is used. When the cable 
154 is used, it is possible for the thin X-ray detector 152 to 
perform Within a shorter period of time image transfer at 
high rate, so that operations for sensing, processing, and 
con?rming an image after X-ray sensing are completed. As 
to this thin X-ray detector 152, another thin X-ray detector 
152 is also connected to the system controller 20 through the 
relay device 153 in order to sense the limbs or the like of 
another subject, for instance. 

Next, there Will be described the diagnosis and other 
operation room 14 in FIG. 1. In this diagnosis and other 
operation room 14, there is installed an image processing 
terminal 70 that may be connected to an HIS/RIS or the like 
for designating information on a subject to be sensed, a 
sensing method, and the like through the LAN board, and 
that performs image processing on an image from the LAN 
board 36, and supports a diagnosis of the image. In the 
diagnosis and other operation room 14, there are also 
installed an image display monitor 72 that displays an image 
(moving image/still image) from the LAN board 36, an 
image printer 74, and a ?le server 76 that stores image data. 

It should be noted here that a control signal sent from the 
system controller 20 to each apparatus may be generated by 
an instruction issued from the operator interface 22 in the 
X-ray control room 12 or from the image processing termi 
nal 70 in the diagnosis and other operation room 14. 
A basic operation of the system controller 20 shoWn in 

FIG. 1 Will be described beloW. The system controller 20 
instructs a sensing condition Which is based on an instruc 
tion issued from the operator 21, to the sensing control 
circuit 24 that controls the sequence of an X-ray sensing 
process. Based on this instruction, the sensing control circuit 
24 drives the X-ray generator 40, the sensing bed 48, and the 
X-ray detector 52, thereby sensing an X-ray image. An 
X-ray image signal outputted from the X-ray detector 52 is 
supplied to the image processing circuit 26, is subjected to 
image processing designated by the operator 21, and is 
displayed as an image on the monitor 30. Concurrently With 
this displaying, the X-ray image signal is stored in the 
storage apparatus 28 as basic image data. The system 
controller 20 further carries out image re-processing, dis 
playing of its result, transferring and storing image data to 
an apparatus on the netWork, image displaying, ?lm print 
ing, and the like, based on instructions issued from the 
operator 21. 

The basic operation of the system shoWn in FIG. 1 Will be 
described by folloWing a signal ?oW. The high voltage 
generator 44 of the X-ray generator 40 applies a high voltage 
for X-ray generation to the X-ray tube 42 in accordance With 
a control signal from the sensing control circuit 24. As a 
result of this operation, the X-ray tube 42 generates an X-ray 
beam. The generated X-ray beam is irradiated onto the 
subject 50 (patient) through the X-ray iris 46. The X-ray iris 
46 is controlled by the sensing control circuit 24 With 
reference to a position at Which the X-ray beam should be 
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6 
irradiated. That is, With reference to a desired sensing ?eld, 
the X-ray iris 46 shapes the form of the X-ray beam so that 
unnecessary X-ray irradiation is prevented. 

The X-ray beam outputted from the X-ray generator 40 
shoWn in FIG. 1 passes through the subject 50 lying on the 
X-ray transmission sensing bed 48 and the sensing bed 48, 
and then is incident on the X-ray detector 52. Note that the 
sensing bed 48 is controlled by the sensing control circuit 24 
so that the X-ray beam passes through a different part of the 
subject 50 or in a different direction. Also, When the thin 
X-ray detector 152 is used, the operator 21 adjusts the thin 
X-ray detector 152 and the subject 50 so that the X-ray beam 
outputted from the X-ray generator 40 passes through the 
subject 50 and then is incident on the thin X-ray detector. At 
this time, in order to limit a sensing ?eld, a sensing ?eld 
designating means (not shoWn) is preferably added to the 
thin X-ray detector 152 to enable designation of a ?eld in 
Which sensing is to be performed. Also, When setting has 
been made to enable designation of the X-ray sensing ?eld 
in an interlocked manner With the X-ray iris 46, it is 
preferable that a sensing ?eld display means (not shoWn) is 
provided on the surface of the thin X-ray detector 152 or the 
like. 
The grid 54 of the X-ray detector 52 in FIG. 1 reduces an 

in?uence of X-ray scattering that occurs When the X-ray 
beam passes through the subject 50. In order to prevent the 
occurrence of moire due to the grating ratio betWeen the 
photodetector array 58 and the grid 54, the sensing control 
circuit 24 makes the grid 54 vibrate upon X-ray irradiation. 
In the scintillator 56, the source material of a ?uorescent 
member is excited by high-energy X rays (absorbs the X 
rays), and ?uorescent light in a visible region is generated by 
recombination energy generated at that time. The X-ray 
sensor (sensing means) 58 arranged adjacent to the scintil 
lator 56 converts the ?uorescent light generated by the 
scintillator 56 into electric signals. That is, the scintillator 56 
converts an X-ray image into a visible light image, and the 
X-ray sensor (sensing means) 58 converts the visible light 
image into electric signals. The X-ray exposure amount 
monitor 60 detects the visible light (proportional to the 
amount of X rays) having passed through the X-ray sensor 
(sensing means) 58, and supplies information shoWing a 
detection amount thereof to the sensing control circuit. The 
sensing control circuit 24 controls the high voltage generator 
44 based on the X-ray exposure amount information, 
thereby blocking or adjusting the X rays. The drive circuit 62 
drives the X-ray sensor (sensing means) 58 under control of 
the sensing control circuit 24, and reads out a pixel signal 
from each photodetector. 
The pixel signals outputted from the X-ray detector 52 or 

the thin X-ray detector 152 shoWn in FIG. 1 are outputted to 
the image processing circuit 26 in the X-ray control room 
12. Since large noise is caused When X rays are generated in 
the X-ray room 10, it is required that the signal transmission 
line from the X-ray detector 52 to the image processing 
circuit 26 has high noise resistance. In more detail, it is 
preferable to use a digital transmission system equipped 
With a high-accuracy error correction function, a tWisted 
pair line shielded by a differential driver, or an optical ?ber. 

The image processing circuit 26 in FIG. 1 sWitches the 
display form of the image signal based on an instruction 
issued from the system controller 20. Aside from this 
operation, the image processing circuit 26 is capable of 
performing image signal correction, spatial ?ltering, recur 
sive processing, and the like in a real-time manner and 
executing gradation processing, scattered ray correction, DR 
compression processing, and the like. An image processed 
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by the image processing circuit 26 is displayed on the screen 
of the monitor 30. Concurrently With the real-time image 
processing, image information (basic image) subjected only 
to image correction is stored in the storage apparatus 28. 
Also, based on an instruction issued from the operator 21, 
the image information stored in the storage apparatus 28 is 
reconstructed so as to satisfy a predetermined standard 
(Image Save&Carry (IS&C), for instance), and then is stored 
on hard discs or the like of the eXternal storage apparatus 34 
and the ?le server 76. 

The apparatus in the X-ray control room 12 in FIG. 1 is 
connected to a LAN (or a WAN) via the LAN board 36. 
Needless to say, it is possible to connect a plurality of X-ray 
sensing systems to the LAN. The LAN board 36 outputs 
image data in accordance With a predetermined protocol 
(Digital Imaging and Communications in Medicine (DI 
COM), for instance). An X-ray image is displayed on the 
screen of the monitor 72 connected to the LAN (or the 
WAN) as a high-resolution still image or moving image, 
thereby alloWing a doctor to conduct real-time remote 
diagnosis at substantially the same timing as X-ray sensing. 

FIG. 2 shoWs an eXample of the equivalent circuit of one 
photoelectric conversion element that is the building unit of 
the X-ray sensor (sensing means) 58. Each photoelectric 
conversion element is composed of a photodetecting portion 
80 and a sWitching thin-?lm transistor (TFT) 82 that controls 
the accumulation and reading-out of charges. The photo 
electric conversion element is generally formed using amor 
phous silicon (a-Si) on a glass substrate. The photodetecting 
portion 80 further includes a parallel circuit composed of a 
photodiode 80a and a capacitor 80b, in Which charges 
resulting from a photoelectric effect are Written as a constant 
current source 81. It does not matter Whether the capacitor 
80b is a parasitic capacitance of the photodiode 80a or an 
additional capacitor used to improve the dynamic range of 
the photodiode 80a. The cathode of the photodetecting 
portion 80 (photodiode 80a) is connected to a bias supply 85 
through a bias line Lb that is a common electrode (D 
electrode). The anode of the photodetecting portion 80 
(photodiode 80a) is connected to a capacitor 86 and an 
electric charge reading pre-ampli?er (amplifying means) 88 
through the gate electrode (G electrode) of the sWitching 
TFT 82. The input of the pre-ampli?er (amplifying means) 
88 is also connected to the ground through a reset sWitch 90 
and a signal line bias supply 91. In this embodiment shoWn 
in FIG. 2, poWer supplied to the photoelectric conversion 
element in a portion designated as a sensing ?eld is adjusted 
by a control signal from a drive circuit (not shoWn) that 
adjusts or turns ON/OFF poWer to drive the pre-ampli?er 
(amplifying means) 88. It is possible to reduce poWer 
consumption of the photoelectric conversion element by 
adjusting the poWer supplied to the pre-ampli?er (amplify 
ing means) 88. In particular, When a large-area X-ray sensor 
(sensing means) 58 is constructed using the photoelectric 
conversion element, there is achieved an enormous poWer 
saving effect through the adjustment of poWer supplied to 
the photoelectric conversion element in a range in Which 
sensing is not required. This is because the X-ray sensor 
(sensing means) 58 is produced using photoelectric conver 
sion elements Whose number is on the order of several ten 
thousands. 

NeXt, a reading method for the photoelectric conversion 
sensing apparatus Will be described With reference to FIG. 2. 
The reading procedure is broadly divided into three stages 
that are resetting, accumulation, and reading. During the 
resetting, the sWitching TFT 82 and the reset sWitch 90 are 
temporarily turned on, thereby resetting the capacitor 80b. 
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8 
During the accumulation, the sWitching TFT 82 and the reset 
sWitch 90 are turned off. FolloWing this, X rays are gener 
ated and the subject 50 is eXposed. Then, the scintillator 56 
converts an X-ray image obtained through transmission of X 
rays through the subject 50 into a visible ray image and the 
photodiode 80a goes into a conductive state by the visible 
ray image, thereby having the capacitor 80b discharge the 
charges. During the reading, the sWitching TFT 82 is turned 
on, thereby establishing connection betWeen the capacitor 
80b and the capacitor 86. As a result of this operation, 
information concerning the discharge amount of the capaci 
tor 80b is also transmitted to the capacitor 86. A voltage 
corresponding to the charge accumulated in the capacitor 86 
is ampli?ed by the pre-ampli?er 88 (amplifying means), or 
the charge is converted into a voltage by a capacitor 89 
indicated by the dotted line, and the voltage is outputted to 
the outside. 

NeXt, a photoelectric conversion operation performed 
When the photoelectric conversion element shoWn in FIG. 2 
is arranged in a tWo-dimensional manner Will be described 
With reference to FIG. 3. FIG. 3 shoWs an equivalent circuit 
of the X-ray sensor (sensing means) 58 equipped With the 
photoelectric conversion elements arranged tWo-dimension 
ally. The same tWo-dimensional reading operation is per 
formed in the tWo kinds of equivalent circuits described 
above, so that FIG. 3 is realiZed using the equivalent circuit 
shoWn in FIG. 2. 
The X-ray sensor (sensing means) 58 is composed of 

around 2000x2000 to 4000x4000 photoelectric elements 
and area of an array is around 200 mm><200 mm to 500 
mm><500 mm. The output from each photoelectric conver 
sion element corresponds to one pixel. Therefore, in FIG. 3, 
the X-ray sensor (sensing means) 58 is composed of 
4096x4096 piXels and its array area is 430 mm><430 mm. 
Consequently, the siZe of one piXel becomes around 105 
pm><105 pm. 4096 piXels arranged in a horiZontal direction 
are set as one block and 4096 blocks are arranged in a 
vertical direction, thereby obtaining a tWo-dimensional con 
struction. 
As described With reference to FIG. 2, each photoelectric 

conversion element is composed of one photodetecting 
portion 80 and one sWitching TFT 82. In FIG. 3, there are 
illustrated photoelectric conversion elements PD (1, 1) to 
(4096, 4096) and transfer sWitches SW (1, 1) to (4096, 4096) 
that are each a sWitching TFT. The gate electrode (G 
electrode) of each photoelectric conversion element PD (m, 
n) is connected to a corresponding common column signal 
line Lcm through a corresponding sWitch SW (m, n). For 
instance, the photoelectric conversion elements PD (1, 1) to 
(4096, 1) of the ?rst column are connected to a ?rst column 
signal line Lc1. The common electrodes (D electrodes) of 
respective photoelectric conversion elements PD (m, n) are 
all connected to the bias supply 85 through the bias line Lb. 

Control terminals of the sWitches SW (m, n) on the same 
roW are connected to a common roW select line Lrn. For 

instance, the sWitches SW (1, 1) to (1, 4096) of the ?rst roW 
are connected to a roW select line Lr1. The roW select lines 
Lr1 to Lr4096 are connected to the sensing control circuit 24 
through a line selector (reading range designating means) 
92. The line selector (reading range designating means) 92 
is composed of an address decoder 94 that decodes a control 
signal from the sensing control circuit 24 and determines a 
line from Which signal charges of photoelectric conversion 
elements are to be read out, and 4096 sWitch elements 96 
that are opened/closed in accordance With an output from the 
address decoder 94. With this construction, it becomes 
possible to read out signal charges of photoelectric conver 
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sion elements PD (m, n) connected to switches SW (m, n) 
connected to an arbitrary line Lrn. As a result, it becomes 
possible to read out signals only from necessary photoelec 
tric conversion elements. 

With the simplest construction, the line selector (reading 
range designating means) 92 may be constructed using a 
shift register that is, for instance, used in a liquid crystal 
display. In this embodiment, only a ?eld, in Which line 
sensing is to be performed, is selected using the address 
decoder 94, so that an effect is achieved that enables to 
shorten a time taken to read accumulated charges. In par 
ticular, this effect becomes necessary at a medical site at 
Which displaying in a short time period is required. Further, 
When the X-ray sensor (sensing means) 58 is applied to a 
moving image, there is achieved an effect that a frame rate 
is increased. 

The column signal lines Lcl to Lc4096 are connected to 
a signal reading circuit 100 controlled by the sensing control 
circuit 24. In the signal reading circuit 100, reference 
numerals 102-1 to 102-4096 denote reset sWitches that 
respectively reset the column signal lines Lcl to Lc4096 to 
a reset reference potential 101. Also, reference numerals 
106-1 to 106-4096 represent pre-ampli?er (amplifying 
means) that respectively amplify signal potentials from the 
column signal lines Lcl to Lc4096, numeral 108-1 to 
108-4096, sample/hold (S/H) circuits that respectively 
sample and hold outputs from the pre-ampli?ers 106-1 to 
106-406, numeral 110, an analog multiplexer that multi 
plexes outputs from the S/H circuits 108-1 to 108-4096 on 
a time axis, and numeral 112, an A/D converter that digitiZes 
an analog output from the multiplexer 110. An output of the 
A/D converter 112 is supplied to the image processing 
circuit 26. Also, poWer (not shoWn) to drive the pre-ampli 
?ers (amplifying means) 106-1 to 106-4096 are indepen 
dently controlled by a control signal from the sensing 
control circuit 24, Which makes it possible to drive only 
necessary photoelectric conversion elements. As a result, 
there is achieved an effect of reducing poWer consumption 
of the X-ray sensor (sensing means) 58. With this construc 
tion, driving of the photoelectric conversion elements 
arranged in a roW direction is controlled. HoWever, it is also 
possible to obtain a construction Where driving of each 
photoelectric conversion element is adjusted by indepen 
dently controlling the driving of each photoelectric conver 
sion element. 

In the photodetector array shoWn in FIG. 3, 4096x4096 
pixels are divided into 4096 columns by the column signal 
lines Lcl to Lc4096, signal charges from 4096 pixels per 
roW are read out at the same time, the read-out signal charges 
are transferred to the analog multiplexer 110 through respec 
tive column signal lines Lcl to Lc4096, the pre-ampli?ers 
(amplifying means) 106-1 to 106-4096, and the S/H circuits 
108-1 to 108-4096. Then, multiplexing on a time axis is 
performed in the analog multiplexer 110, and signals are 
converted into digital signals by the A/D converter 112 in 
succession. That is, although there is shoWn a construction 
Where signals are read out in units of columns, there may be 
obtained a construction Where the sWitch 96 is provided for 
each photoelectric conversion element and independent 
reading of the photoelectric conversion elements is per 
formed. 

According to the present invention, the sWitch 98 is 
provided to adjust poWer supplied to the pre-ampli?er 
(amplifying means) 88 of each photoelectric conversion 
element, so that only the photoelectric conversion elements 
in a sensing range are placed in a ready state. In FIG. 3, this 
mechanism to supply poWer only to photoelectric conver 
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10 
sion elements in the sensing ?eld is achieved by adjusting 
poWer input to the pre-ampli?ers (amplifying means) 88 
(given reference numerals 106-1 to 106-4096 in FIG. 3) With 
a drive means (not shoWn) that is controlled by the sensing 
control circuit 24. 

Also, in order to limit the sensing range in the vertical 
direction in FIG. 3, the line selector (reading range desig 
nating means) 92 decodes a control signal from the sensing 
control circuit 24 and determines each line, from Which 
signal charges of photoelectric conversion elements are to be 
read out, through the address decoder 94. As a result, each 
sWitch element 96 corresponding to a range designated as 
the sensing range is opened/closed. 

Second Embodiment 
FIG. 4 shoWs a display means for designating an X-ray 

image sensing ?eld using an operation means of the X-ray 
sensing apparatus. A method of designating a range in Which 
the photoelectric conversion elements are to be driven, and 
a range in Which output signals are to be read out from the 
photoelectric conversion elements With the X-ray sensing 
apparatus operation means, Will be described With reference 
to FIG. 4. Reference numeral 1101 denotes an example of a 
display screen. As the display means, there is used a touch 
panel-type display apparatus With Which it is possible to 
perform input by directly touching the screen With a ?nger, 
a pen, or the like. Reference numeral 1102 represents an area 
in Which a reduced and simpli?ed image of a sensed image 
is displayed. When there is used the thin X-ray detector 152, 
re-processing is performed based on an image transferred by 
previous Wireless communication and image displaying is 
performed in this display area 1102. Reference numeral 
1103 indicates buttons for displaying a sensing target range 
corresponding to the X-ray detector 52 or the thin X-ray 
detector 152. Prior to sensing, selection of the buttons 1103 
is performed to specify the sensing target. Reference 
numeral 1104 denotes an effective X-ray detector display 
area, in Which there is displayed an icon representing the 
X-ray detector 52 or the thin X-ray detector 152 that is 
placed in a state Where control by the system controller 20 
is possible. Reference numeral 1105 indicates an image 
picked-up by the CCD camera 47, While reference numeral 
1106 indicates the photoelectric conversion element driving 
range or the photoelectric conversion element signal reading 
range. An image of the sensing apparatus and a patient to be 
sensed is picked-up by the CCD camera 47 attached to the 
X-ray tube through a sensing path Whose alignment is 
approximately equal to that of the X rays emitted from the 
X-ray tube, and the picked-up image is displayed as the 
image 1105. The image 1105 is displayed on the touch panel, 
so that it is possible to designate a sensing ?eld by speci 
fying the photoelectric conversion element driving range or 
the photoelectric conversion element signal reading range 
1106 by touching the touch panel, Which is a display 
apparatus, With a ?nger or a pen. 

In this case, for instance, there are speci?ed in advance 
certain coordinates of the X-ray sensor (sensing means) 58 
(coordinates on four corners of the X-ray sensor, for 
instance) displayed on the display image 1105. Then, a 
position relationship betWeen coordinates on the display 
image 1105 and the coordinates on the X-ray sensor (sensing 
means) is calculated in advance from the speci?ed coordi 
nates and is stored. As a result, it becomes possible for the 
sensing control circuit 24 to calculate the coordinates on the 
X-ray sensor (sensing means) 58 from the coordinates of the 
?eld 1106 designated With a ?nger or a pen through the 
touch panel. 
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Also, if there is used the X-ray sensor (sensing means) 58 
of the ?rst embodiment, When the ?eld 1106 is speci?ed, 
there is simultaneously determined the photoelectric con 
version element driving range or the photoelectric conver 
sion element signal reading range. In this manner, by using 
an image picked up by the CCD camera 47, Whose align 
ment is approximately equal to that of the X rays emitted 
from the X-ray tube, there is achieved an effect of enabling 
designation of a ?eld on the X-ray sensor (sensing means) 58 
from the display apparatus 1101 With ease. Also, it becomes 
possible to designate the ?eld on the X-ray sensor (sensing 
means) 58 While actually con?rming the sensing target on 
the display apparatus 1101. As a result, there is achieved an 
effect of enabling designation of the minimum required ?eld 
With accuracy. 

Next, When the buttons 1103 are pushed, subject infor 
mation on the selected sensing target is read into the sensing 
control circuit 24 from the storage apparatus 28. Here, the 
subject information means patient information shoWing the 
physique, part to be sensed, gender, age, nationality, race, 
and the like. At this time, instead of assigning the subject 
information to the buttons 1103, there may be used a 
construction Where each ?eld, into Which the subject infor 
mation of the patient is to be inputted, is provided on the 
display screen 1101. For instance, a sensing ?eld to be used 
is roughly determined depending on Whether the patient is a 
child or a male adult. In a like manner, a range to be used for 
sensing is roughly determined by the patient information 
concerning the physique and the like. Accordingly, in this 
case, merely by designating the center of the sensing ?eld 
through the touch panel, it is possible to designate the 
photoelectric conversion element driving range or the pho 
toelectric conversion element signal reading range of the 
X-ray sensor (sensing means) 58. When such a construction 
is used, there is achieved an effect that When a large number 
of subjects in the same category are to be sensed, for 
instance, it becomes possible to designate a ?eld suited to 
the subjects. This is because if the category of the subjects 
is determined on the basis of the subject information, the 
?eld necessary for sensing is statistically or experimentally 
determined. 

Third Embodiment 
FIG. 5 shoWs the construction of an apparatus that des 

ignates an X-ray image sensing ?eld in an interlocked 
manner With a tube iris, While FIG. 6 shoWs a calculation 
method for designating the X-ray image sensing ?eld in an 
interlocked manner With the tube iris used for this apparatus. 
Amethod of designating the sensing range in an: interlocked 
manner With the iris of the X-ray generator Will be con 
cretely described With reference to FIGS. 5 and 6. 
As shoWn in FIG. 5, the X-ray generator 40 includes the 

X-ray tube 42 that generates X rays, the high voltage 
generator 44 that drives the X-ray tube 42 under control of 
the sensing control circuit 24, and the X-ray iris 46 that 
narroWs the X-ray beam generated by the X-ray tube 42 to 
a desired sensing ?eld. Here, the X-ray iris is generally 
produced using lead or the like in order to block the X rays. 
The X-ray generator 40 is provided With a visible light 
source 201, such as a light bulb, in order to display a sensing 
?eld narroWed by the X-ray iris 46. The position relationship 
betWeen this visible light source 201 and the X-ray iris 46 is 
optically and approximately equal to a position relationship 
betWeen a focal point 203 of the X-ray tube 42 and the X-ray 
iris 46. As a result, a range illuminated by the visible light 
202 is approximately equal to a range to be irradiated With 
X rays. 
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12 
There Will be described an embodiment in Which the 

sensing ?eld is calculated only from geometric relationships 
among the X-ray tube, the amount of the X-ray iris, and the 
X-ray sensing apparatus. Information that is necessary to 
calculate the sensing ?eld includes a distance (L1+L2) 
betWeen the X-ray tube and the X-ray sensing apparatus, 
distances (Lx1, Lx2, Ly1, and Ly2) from the center of each 
collimator, position information (SCx, Scy) shoWing a posi 
tion of a portion of the X-ray sensing apparatus to Which the 
center point of the X rays generated from the X-ray tube 
reaches, and inclinations (0 x, 0 y) y) betWeen the X-ray tube 
and the surface of the X-ray sensing apparatus. 

Also, information that is necessary for the setting of the 
apparatus includes a distance L1 from the focal point of the 
X-ray tube to the collimator. When, based on these infor 
mation, a range of the X-ray sensing apparatus to be 
irradiated With the X rays is set as a range surrounded by 
(Ssxl, Ssyl), (8Ssx1, Ssy2), (Ssx2, Ssyl), and (Ssx2, Ssy2), 
these coordinates are calculated as folloWs. 

It should be noted here that the above calculation is 
performed by assuming that the range irradiated With the X 
rays, Which has been limited by the collimator, has a 
rectangular shape or a square shape. HoWever, even if the 
range irradiated With the X rays, Which has been limited by 
the collimator, has an elliptic shape or a circular shape, the 
X-ray range irradiated With X rays may be calculated 
through the same calculation as above. It is preferred that 
among these variables, both of the inclinations (0 x, 0 y) 
betWeen the X-ray tube and the surface of the X-ray sensing 
apparatus are set at “0” by placing a mirror on the surface of 
the X-ray sensing apparatus in advance and by utiliZing 
re?ection resulting from illumination With a light bulb. 
By using a range containing the X-ray sensing range 

obtained in the manner described above, there are deter 
mined the roW select line Lrn and a range in Which poWer 
supply to the pre-ampli?ers (amplifying means) is to be 
performed. Here, there may be obtained a construction 
Where it is possible to perform, through setting, selection 
among an operation Where there is used only a range in 
Which the X-ray sensing range is larger than an X-ray 
irradiation range, an operation Where there is used only a 
range in Which the X-ray sensing range is smaller than the 
X-ray irradiation range, or the like. With this construction, 
there is achieved an effect that by measuring necessary 
information in advance, it becomes possible merely by 
measuring the iris amount of the X-ray tube to determine the 
driving range or reading range of the X-ray sensor. 

Fourth Embodiment 
FIG. 7 shoWs an example of a construction Where the 

X-ray image sensing ?eld is designated by means 210 and 
211 attaching to the X-ray sensor (sensing means) 58. That 
is, there Will be described a method With Which it is possible 
to designate the driving range or reading range of the X-ray 
sensor (sensing means) by designating the X-ray sensing 
range With the means 210 and 211 provided for the X-ray 
sensing apparatus. As shoWn in FIG. 7, the attaching means 
210 and 211 of the sensing means that are provided in the 
X-ray sensing apparatus in order to designate the X-ray 
sensing range are positioned outside of a possible sensing 
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region (for instance, in a peripheral region of the sensing 
means in Which no photoelectric conversion element is 
provided), and are set at positions at Which the X-ray image 
sensing ?eld is easily found by intuition from the position 
relationship With the X-ray image sensing ?eld. In FIG. 7, 
buttons 210 are provided as the attaching means respectively 
corresponding to the photoelectric conversion elements. 
Among these buttons, only buttons corresponding to pho 
toelectric conversion elements to be used are lit up. Buttons 
211 (another attaching means) that are lit up by LEDs or the 
like indicate a state Where their corresponding photoelectric 
conversion elements are to be used. It is possible to imagine 
sensing ?elds 212 With reference to the lit-up buttons 211 
because the sensing range (212(A), for instance) is deter 
mined by the vertical and horiZontal AND relationships of 
the lit-up buttons 211. Each of element numerals 213 and 
214 indicates an area of image sensing ?eld and an area out 
of image sensing ?eld, respectively. 

HoWever, When there exist a plurality of sensing ?elds 
(212(A) and 212(D), for instance), there is a case Where the 
?elds 212(C) and 212(B) are imagined as ghost ?elds. 
Therefore, When a plurality of ?elds are designated, there 
may be obtained a construction Where, as indicated by 
reference numeral 215, the buttons 210 provided in the 
peripheral region in a horiZontal axis direction are further 
divided and a coordinate in a vertical axis direction is also 
indicated. 
When the buttons 210 that are the attaching means are 

pushed, these buttons are lit up as the buttons 211 and, at the 
same time, there is designated the driving range or reading 
range of the X-ray sensor (sensing means) 58. That is, the 
sensing control circuit 24 analyZes and determines the 
driving range or reading range from the position information 
of the buttons 211. Also, as another construction, there may 
be obtained a construction Where the lit-up buttons 211 are 
mechanically interlocked With the sWitches 96 of the line 
selector (reading range designating means) 92 or an 
ON/OFF sWitch (not shoWn) of the drive means for adjust 
ing poWer supplied to the pre-ampli?ers (amplifying means) 
88. 

Fifth Embodiment 
FIG. 8 illustrates a method With Which an X-ray image 

sensing ?eld is designated With irradiation ?eld recognition 
information of previous sensing. Amethod of designating an 
X-ray sensing range With irradiation ?eld information of 
immediately-previous sensing Will be described With refer 
ence to FIG. 8. In this embodiment, the irradiation ?eld 
range of an immediately-previous image is used as it is, or 
a range obtained through movement by a predetermined 
distance based on irradiation ?eld range information of the 
immediately-previous image is set as the driving range or 
reading range (sensing range) of the X-ray sensor (sensing 
means) 58. It is possible to realiZe such irradiation ?eld 
recognition by executing the irradiation ?eld recognition 
method disclosed in Japanese Patent Application Laid-Open 
No. 2000-271107 or the like in the image processing circuit 
26. Then, the sensing control circuit 24 analyZes and deter 
mines the driving range or reading range based on a result 
of the irradiation ?eld recognition by the image processing 
circuit 26. Each of element numerals 220, 221 and 222 
indicates an area of image sensing ?eld, an area out of image 
sensing ?eld and a subject, respectively. 

Here, When it is knoWn in advance that the irradiation 
?eld range (sensing ?eld) moves With a certain regularity, 
the sensing control circuit 24 may set the driving range or 
the reading range in succession in accordance With the 
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14 
movement of the irradiation ?eld range. With this construc 
tion, When a baggage placed on a line belt is sensed by 
moving the sensing ?eld of a tWo-dimensional ?at radiation 
detecting means during a baggage X-ray inspection at an 
airport, for instance, there is achieved an effect of poWer 
saving and shortening of a read-out time. 

Also, even if the irradiation ?eld range itself is ?xed, 
When it is knoWn in advance that the subject itself moves 
With a certain regularity, there may be obtained a construc 
tion Where the sensing control circuit 24 sets the driving 
range or the reading range in succession in accordance With 
the movement of the subject. Also, With this construction, 
When sensing is performed by moving the sensing ?eld, 
there is obtained the effect of poWer saving and shortening 
of a read-out time. 

An example of process How of this sensing is shoWn in 
FIG. 8. When the designation of a sensing range is per 
formed using previous irradiation ?eld recognition informa 
tion, it is ?rst checked Whether there occurs no problem if 
the sensing is performed in the same manner as the previous 
sensing. Next, it is checked Whether it is possible to use the 
sensing range obtained at the time of previous sensing as it 
is. As a result of these operations, there is achieved an 
advantage that even When there is obtained a negative result, 
it is possible to use the irradiation ?eld recognition infor 
mation of previous sensing by changing the siZe, position, 
shape, and the like. Note that the “previous” irradiation ?eld 
recognition information refers to any image sensed before a 
current image and therefore is not necessarily an image 
obtained as a result of immediately-previous sensing. 

Sixth Embodiment 
In this embodiment, there Will be described a case Where 

a moving image is sensed using the sensor (sensing means) 
58. In this case, the sensing control circuit 24 ?rst ?nds a 
portion in Which a subject moves, by calculating differences 
betWeen images obtained by picking-up the subject over 
time using the CCD camera 47. The sensing control circuit 
24 then sets only the moving portion as the driving range 
and/or reading range of the sensor (sensing means) 88. As a 
result, there is achieved an effect that an image read-out time 
or the like is shortened and image data amount is reduced. 
It is possible to say that a hardWare-like moving image 
compression process is performed in this embodiment. 

Seventh Embodiment 
FIG. 9 illustrates a method With Which the driving range 

and/or reading range of the sensor (sensing means) 58 are/is 
designated With relative position relationship information 
betWeen the subject and the X-ray sensing apparatus. A 
method based on the relative position relationship informa 
tion betWeen the subject and the X-ray sensing apparatus 
Will be described With reference to FIG. 9. Element numeral 
223 indicates a CCD camera image displaying area. 

The relative position relationship information betWeen the 
subject and the X-ray sensing apparatus is referred to in 
order to ?nd the sensing range in the X-ray sensing appa 
ratus, so that it is not required to ?nd three-dimensional 
position relationship information. Therefore, it is preferred 
that a small-siZed camera, such as a CCD camera, is installed 
at a position that is optically adjacent to the focal point of the 
X-ray tube, for instance. 

Eighth Embodiment 
In this embodiment, there Will be described a method With 

Which an X-ray sensing range is determined using the CCD 
camera 47. An image picked-up by the CCD camera is 
displayed on the monitor, so that it is possible for the 








